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(54) THIN-FILM PIEZOELECTRIC DEVICE 

(57) There is provided a film bulk acoustic wave de- 
vice comprising: a silicon substrate 1, a dielectric film 
21 including a silicon nitride 1 6 formed on the substrate 
1 and a silicon oxide 2 on the silicon nitride 1 6, a bottom 
electrode 3 formed on the dielectric film 21, a piezoe- 
lectric film 17 formed on the bottom electrode 3, and a 
top electrode 5 formed on the piezoelectric film 17, 
wherein a via hole is formed in such a manner that the 
thickness direction of a part of the silicon substrate 1 
which is opposite to a region including a part where the 
top electrode 5 exists is removed from the bottom sur- 
face of the silicon substrate 1 to a boundary surface with 
the silicon nitride 16. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a film bulk 
acoustic device using an acoustic wave such as reso- 
nators and filters. 

BACKGROUND ART 

[0002] Figs. 1 and 2 show this type of the conventional 
film bulk acoustic wave device as described in, for ex- 
ample, the literature "Bulk-Acoustic-Wave Devices us- 
ing the Second-Order Thickness-Extensional Mode in 
Thin ZnO-Si0 2 Composite Films on Si", Proceedings of 
The Acoustical Society of Japan, pp. 691-692, Sept.- 
Oct. 1985 (hereinafter, referred to as reference 1), and 
the literature "Fundamental Bulk Acoustic Resonators 
in GHz Range", Proceedings of The Institutes of Elec- 
tronics, Information and Communication Engineers, vol. 
81, No.5, pp. 468-472, 1998 (hereinafter, referred to as 
reference 2). Fig. 1 is a top view, and Fig. 2 is a cross 
sectional view taken along line l-l in Fig. 1 . In the figures, 
reference numeral 1 denotes a silicon (Si) substrate; 2 
denotes a silicon oxide (Si0 2 ) formed on the silicon sub- 
strate 1 ; 3 denotes a bottom electrode formed on the 
silicon oxide 2; 4 denotes a piezoelectric film composed 
of zinc oxide (ZnO) formed on the bottom electrode 3; 
5 denotes a top electrode, divided into input-side elec- 
trode 5a and output-side electrode 5b, formed on the 
piezoelectric film 4; and 6 denotes a via hole. 
[0003] When a voltage is applied to the top electrode 
5 and the bottom electrode 3, an electric field is gener- 
ated in the piezoelectric film 4. At this time, an acoustic 
distortion in the piezoelectric film 4 is caused by the elec- 
tric field. When the applied voltage is asignal of frequen- 
cy f, this distortion also vibrates at the same frequency 
f and excites an acoustic wave. I n the case of a structure 
as shown in Figs. 1 and 2, the excited acoustic wave 
propagates in the thickness direction, and the acoustic 
wave propagated in the thickness direction is reflected 
on the respective air-contact surfaces on the surface of 
the top electrode 5 and the lower surface of the silicon 
oxide 2. Therefor, there occurs an acoustic resonance 
when a gap between the surface of the top electrode 5 
and the lower surface of the silicon oxide film 2 is an 
integer multiple of the half wave length of the acoustic 
wave. 

[0004] On the other hand, there also occurs the prop- 
agation of the acoustic wave in the direction parallel to 
the surface in the interior of the piezoelectric film. The 
acoustic wave in the piezoelectric film 4 at this moment 
comes to be a cut-off mode at a frequency lower than a 
certain frequency f 0 , and comes to be a propagation 
mode at a frequency higher than the frequency f 0 . The 
frequency f 0 is a cut-off frequency, and corresponds to 
a frequency in which the thickness 2h of the piezoelec- 
tric film 4 coincides with a half wavelength of the acous- 



tic wave propagating in the thickness direction in the pi- 
ezoelectric film 4 when the two surfaces of the piezoe- 
lectric film 4 are free surfaces. 

[0005] In the case of the electrode unit in which the 
5 top electrode 5 is present on the surface, the cut-off fre- 
quency f m0 of the electrode unit is lower than the cut-off 
frequency f f0 of a non-electrode unit provided with only 
the bottom electrode 3, due to the electrode thickness 
and mass load. Therefor, in the range of the frequencies 
10 f f0 to f m0 , the acoustic wave is the propagation mode 
due to a higher frequency side than the cut-off frequency 
f m0 in the electrode unit, while it is the cut-off mode due 
to a lower frequency side than the cut-off frequency f f0 
in the non-electrode unit. Hence, the acoustic wave 
15 propagating in parallel to the surface of the film 4 results 
in a state that an energy is trapped in the top electrode 5. 
[0006] When the input-side electrode 5a and output- 
side electrode 5b of the top electrode 5 are set appro- 
priately at a symmetric mode frequency providing the 
20 common potential, and at an asymmetric mode frequen- 
cy providing potentials different from each other, an 
electric signal applied to the input-side electrode 5a is 
traveled to the output-side electrode 5b with low loss. 
Thus, the pass band of a filter is created. 
25 [0007] The characteristics of such a filter are deter- 
mined by the thickness 2h of the piezoelectric film 4, the 
thickness of the top electrode 5, the thickness g of the 
silicon oxide 2, the shape of the top electrode 5, and a 
gap between the input-side electrode 5a and the output- 
30 side electrode 5b. 

[0008] The reference 1 describes one example in 
which a normalized thickness (g/h) of the piezoelectric 
film 4 is 1 .54 and 2.4, which is determined by the thick- 
ness 2h of the piezoelectric film 4 and the thickness g 
35 of the silicon oxide 2. The reference 1 also represents 
that the design is made by focusing the temperature 
characteristics and the loss of the acoustic wave. In ad- 
dition, the reference 1 designates to use an acoustic 
wave of the second mode. The acoustic wave is a fun- 
40 damental mode (first mode) when a gap between the 
surface of the top electrode 5 and the back of the silicon 
oxide 2 is a half wave length of the acoustic wave, and 
an N-th mode (N: integer) corresponds to an N multiple 
of the wave length of the fundamental mode. 
45 [0009] Fig. 3 shows this type of the conventional film 
bulk acoustic device described in, for example, JP-A 
6-350154 (hereinafter, referred to as reference 3). Fig. 
3 is a cross sectional view. Though the basic structure 
is the same as that shown in Fig. 2, a piezoelectric film 
50 7 is composed of lead titanate-zirconate (PZT); a bottom 
electrode 3 is composed of a titanium (Ti) film 8 and a 
platinum (Pt) film 9; and a top electrode 5 is composed 
of a titanium film 1 0 and a gold (Au) film 1 1 . 
[0010] The reference 3 describes one example in 
55 which a normalized thickness (d/h) of the bottom elec- 
trode 3 is 1 .0, which is determined by the thickness 2h 
of the piezoelectric film 7 and the thickness d of the bot- 
tom electrode 3. In addition, the reference 3 designates 
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that favorable piezoelectric characteristics may be per- 
formed by an appropriate composition ratio of lead titan- 
ate (PbTiO s ) and lead zirconate (PbZr0 3 ). 
[0011] The piezoelectric film 7 composed of lead ti- 
tanate-zirconate excites a thickness extension vibration 
as a main vibration. In this case, the acoustic wave prop- 
agating in parallel with the surface of the piezoelectric 
film 7 designates the dispersion characteristics as 
shown in Fig. 4. In Fig. 4, the horizontal axis corre- 
sponds to a normalized thickness of the piezoelectric 
film 7 which multiplies the wave number k of the acoustic 
wave propagating in parallel with the surface of the film 
7, and the thickness of the piezoelectric film 7 together, 
that is, a normalized piezoelectric thickness (2kh), while 
the vertical axis corresponds to a frequency. 
[0012] In the figure, reference numeral 12 designates 
the characteristics of a first mode (TE1 ) of the thickness 
extension vibration; 1 3 designates the characteristics of 
a second mode (TS2) of the thickness shear vibration; 
14 designates the characteristics of a third mode (TS3) 
of the thickness shear vibration; and 15 designates the 
characteristics of a second mode (TE2) of the thickness 
extension vibration. A range that the normalized piezo- 
electric substance thickness is a real number is a range 
that the acoustic wave is a propagation mode, while a 
range that the normalized piezoelectric substance thick- 
ness is an imaginary number is a range that the acoustic 
wave is a cut-off mode. In addition, the frequency at the 
crossing point with the vertical axis, such that the nor- 
malized thickness is zero, is a cut-off frequency f 0 . 
[001 3] As is apparent from Fig. 4, the first mode (TE1 ) 
of the thickness extension vibration shows a character- 
istic that the frequency is made lower as the normalized 
piezoelectric substance thickness is larger in the vicinity 
of the vertical axis. In addition to lead zirconate titanate, 
this is also applied similarly in a piezoelectric film having 
the thickness extension vibration as a main vibration, 
constituting lead titanate (PbTi0 3 ), lithium tantalate 
(LiTa0 3 ), or a material having the Poisson's ratio of one- 
third or less. 

[001 4] When a characteristic like the first mode (TE1 ) 
of the thickness extension vibration in Fig. 4 is exhibited, 
the cut-off mode corresponds to a frequency higher than 
the cut-off frequency f m0 in a range that the top electrode 
5 exists, while the propagation mode corresponds to a 
frequency lower than the cut-off frequency f f0 in a range 
that the top electrode 5 is absent. Therefor, a favorable 
energy trapping cannot be performed, resulting in en- 
larged loss. The variations of the characteristics of the 
filter may be enlarged under the influence of the ambi- 
ence of the top electrode 5. 

[0015] As a method to prevent such a drawback, a 
method as described in JP-B 58/58828 (hereinafter, re- 
ferred to as reference 4) has been used. That is, an ad- 
dition is added to lead titan ate-zircon ate, so that the 
Poisson's ratio of the lead titan ate-zircon ate mixed with 
the addition can be one-third or more. Instead of the 
characteristics like the first mode (TE1 ) of the thickness 



extension vibration in Fig. 4, it is set to show up the fol- 
lowing characteristics: the frequency is higher as the 
thickness of the normalized piezoelectric substance is 
larger in the vicinity of the vertical axis, thereby perform- 
5 ing the same energy trapping as a case where the pie- 
zoelectric film 4 composed of lead oxide are applied. 
Note that when the Poisson's ratio exceeds one-third, 
the cut-off frequency of the first mode (TE1 ) of the thick- 
ness extension vibration is higher than that of the sec- 
ond mode (TS2) of the thickness shear vibration. 
[0016] This type of the conventional film bulk acoustic 
wave device which enables to perform the energy trap- 
ping is limited by a piezoelectric film composed of a ma- 
terial such as zinc oxide which generates the thickness 
shear vibration as a main vibration. For this reason, 
there is a drawback such that it is difficult to flexibly cor- 
respond to a variety of characteristics necessary for a 
filter. 

[0017] In the piezoelectric film composed of a material 
such as lead titan ate -zircon ate, having the thickness ex- 
tension vibration as a main vibration, since it is difficult 
to perform the energy-trapping as it stands, the energy- 
trapping has been performed by bringing the Poisson's 
ratio to one-third or more with mixing an addition to the 
material. But, the method described in the reference 4 
can be performed only by a fabrication method which 
sinters piezoelectric ceramics. When the method is ap- 
plied to a piezoelectric film, it is difficult to maintain fa- 
vorably the quality of the piezoelectric film, resulting in 
deteriorating the characteristics of film bulk acoustic 
wave devices. 

[0018] The present invention has been made to solve 
the aforementioned drawbacks, and an object of this in- 
vention is to obtain a film bulk acoustic wave device 
which enables an energy trapping with a piezoelectric 
film for exciting or generating a thickness extension vi- 
bration as a main vibration, thereby providing a more 
favorable characteristic than the prior art. 



[0019] A film bulk acoustic wave device according to 
the present invention comprises: a substrate; a dielec- 
tric film including a silicon nitride (SiN) formed on the 
substrate and a silicon oxide (Si0 2 ) on the silicon nitride; 
a bottom electrode formed on the dielectric film; a pie- 
zoelectric film formed on the bottom electrode; and a top 
electrode formed on the piezoelectric film, wherein a via 
hole is formed in such a manner that the thickness di- 
rection of a part of the substrate which is opposite to a 
region including a part where the top electrode exists is 
removed from the bottom surface of the substrate to a 
boundary surface with the silicon nitride. 
[0020] Thus, the breakdown of the components upon 
the etching to form a via hole may be prevented through 
the silicon nitride, and simultaneously, the inferiority of 
the characteristics of the components due to the defor- 
mation caused by the inner stress upon forming the via 
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hole may be prevented. 

[0021] In the film bulk acoustic wave device according 
to this invention, the silicon oxide is formed separately 
on the silicon nitride and on the top electrode. 
[0022] Thus, the errors on fabrication may be adjust- 
ed by the silicon oxide formed on the top electrode, and 
simultaneously, the top electrode may be protected. 
[0023] In the film bulk acoustic wave device according 
to this invention, the piezoelectric film generates a thick- 
ness extension vibration as a main vibration, and in or- 
der to prevent the thickness of the silicon nitride from 
affecting the vibration characteristics, the thickness of 
the silicon oxide is larger than that of the silicon nitride, 
and 1 .5 times or more the thickness of the piezoelectric 
film. 

[0024] Thus, an energy trapping possible film bulk 
acoustic wave device may be performed, which has an 
effective electromechanical coupling coefficient k 2 larg- 
er than this type of the conventional film bulk acoustic 
wave device and has the characteristics of wider range 
and reduced loss, thereby preventing unnecessary spu- 
rious occurrences caused by the end shape of the pie- 
zoelectric substance originally irrelevant to the charac- 
teristics of the film bulk acoustic wave device, a posi- 
tional relationship between the end of the piezoelectric 
substance and the end of the via hole, and so on, and 
further preventing enlarged loss when the energy of an 
acoustic wave propagates to the outside of the top elec- 
trode. 

[0025] A film bulk acoustic wave device according to 
this invention comprises: a dielectric film; a bottom elec- 
trode including a conductor having a density of 10000 
(kg/m 3 ) or more; a piezoelectric film which generates a 
thickness extension vibration as a main vibration; and a 
top electrode including a conductor having a density of 
10000 (kg/m 3 ) or more, wherein when the thickness of 
the piezoelectric film is set to 2h, the thickness of the 
dielectric film is set to g, the density of the top electrode 
is set to p1 x 1000 (kg/m 3 ), the thickness of the top elec- 
trode is set to d1 , the density of the bottom electrode is 
set to p2 x 1000 (kg/m 3 ), the thickness of the bottom 
electrode is set to d2, and an equivalent density R is set 
to R = (p1d1/h) + (p2d2/h), the normalized thickness (g/ 
h) of the dielectric film determined by the thicknesses of 
the piezoelectric film and the dielectric film is {0.1 5 x R 
+ 2.8} or more. 

[0026] Thus, the film bulk acoustic wave device may 
perform an energy trapping by use of the second mode 
(TE2) of the thickness extension vibration, and further 
has a larger electromechanical coupling coefficient than 
this type of the conventional film bulk acoustic wave de- 
vice and little occurs a thickness shear vibration other 
than the thickness extension vibration as a main vibra- 
tion, thereby achieving the characteristics of a wider 
range and a lower loss than the prior art. 
[0027] A film bulk acoustic wave device according to 
this invention comprises: a dielectric film; a bottom elec- 
trode including a conductor having a density of 10000 



(kg/m 3 ) or more; a piezoelectric film which generates a 
thickness extension vibration as a main vibration; and a 
bottom electrode including a conductor having a density 
of 1 0000 (kg/m 3 ) or less, wherein when the thickness of 
5 the piezoelectric film is set to 2h, the thickness of the 
dielectric film is set to g, the density of the top electrode 
is set to p1 x 1 000 (kg/m 3 ), the thickness of the top elec- 
trode is set to d1 , the density of the bottom electrode is 
set to p2 x 1000 (kg/m 3 ), the thickness of the bottom 
electrode is set to d2, and an equivalent density R is set 
to R = (p1d1/h) + (p2d2/h), the normalized thickness (g/ 
h) of the dielectric film determined by the thicknesses of 
the piezoelectric film and the dielectric film is {0.023 x 
R + 3.5} or more. 

[0028] Thus, the film bulk acoustic wave device may 
perform an energy trapping by use of the second mode 
(TE2) of the thickness extension vibration, and further 
has a larger electromechanical coupling coefficient than 
this type of the conventional film bulk acoustic wave de- 
vice and little occurs a thickness shear vibration other 
than the thickness extension vibration as a main vibra- 
tion, thereby achieving the characteristics of a wider 
range and a lower loss than the prior art. 
[0029] In the film bulk acoustic wave device according 
to this invention, the dielectric film has a silicon nitride 
(SiN) formed on the substrate, and a via hole is formed 
in such a manner that the thickness direction of a part 
of the substrate which is opposite to a region including 
a part where the top electrode exists is removed from 
the bottom surface of the substrate to a boundary sur- 
face with the silicon nitride. 

[0030] Thus, the breakdown of the components upon 
the etching to form a via hole may be prevented through 
the silicon nitride, and simultaneously, the inferiority of 
the characteristics of the components due to the defor- 
mation caused by the inner stress upon forming the via 
hole may be prevented. 

[0031] In the film bulk acoustic wave device according 
to this invention, the silicon oxide is formed separately 
on the substrate and on the top electrode. 
[0032] Thus, the error of the thickness upon fabrica- 
tion may be adjusted and simultaneously, the top elec- 
trode may be protected. 

[0033] In the film bulk acoustic wave device according 
to this invention, the bottom electrode is mainly com- 
posed of either platinum (Pt) or iridium (Ir). 
[0034] Thus, a favorable piezoelectric film may be ob- 
tained. 

[0035] In the film bulk acoustic wave device according 
to this invention, the piezoelectric film has as a main 
component either one of lead titanate (PbTi0 3 ), lead ti- 
tan ate-zircon ate (PZT), lithium tantalate (LiTa0 3 ), and 
a material having the Poisson's ratio less than 0.33. 
[0036] Thus, a flexible countermeasure may be per- 
formed in accordance with the characteristics required 
for the film bulk acoustic wave device. 
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Brief Description of the Drawings 

[0037] Fig. 1 is atop view showing a conventional film 
bulk acoustic wave device having a piezoelectric film 
composed of zinc oxide. 

[0038] Fig. 2 is a cross sectional view showing the 
conventional film bulk acoustic wave device having a pi- 
ezoelectric film composed of zinc oxide. 
[0039] Fig. 3 is a cross sectional view showing a con- 
ventional film bulk acoustic wave device having a pie- 
zoelectric film composed of PZT. 
[0040] Fig. 4 is a graph showing dispersion charac- 
teristics of the conventional film bulk acoustic wave de- 
vice having a piezoelectric film composed of PZT. 
[0041 ] Fig. 5 is a top view showing a film bulk acoustic 
wave device according to Embodiment 1 of the present 
invention. 

[0042] Fig. 6 is a cross sectional view showing the film 
bulk acoustic wave device according to Embodiment 1 
of this invention. 

[0043] Fig. 7 is a graph showing the normalized res- 
onant frequency characteristics (d1/h = 0.02, d2/h = 
0.02) of the film bulk acoustic wave device according to 
Embodiment 1 of this invention. 

[0044] Fig. 8 is a graph showing the electromechani- 
cal coupling coefficient characteristics (d1/h = 0.02, d2/h 
= 0.02) according to Embodiment 1 of this invention. 
[0045] Fig. 9 is a graph showing the normalized res- 
onant frequency characteristics (d1/h = 0.1 , d2/h = 0.1) 
of the film bulk acoustic wave device according to Em- 
bodiment 1 of this invention. 

[0046] Fig. 1 0 is a graph showing the electromechan- 
ical coupling coefficient characteristics (d1/h = 0.1 , d2/h 
= 0.1) of the film bulk acoustic wave device according 
to Embodiment 1 of this invention. 
[0047] Fig. 11 is a graph showing a relationship be- 
tween the normalized thickness of the top electrode and 
the normalized Si0 2 thickness when the electrome- 
chanical coupling coefficient k 2 satisfies a certain con- 
dition. 

[0048] Fig. 1 2 is a graph showing the normalized cut- 
off frequency characteristics (d1/h = 0.1, d2/h = 0.1) of 
the film bulk acoustic wave device according to Embod- 
iment 2 of this invention. 

[0049] Fig. 13 is a graph showing the cut-off frequen- 
cy characteristics (d1/h = 0.2, d2/h = 0.2) of the film bulk 
acoustic wave device according to Embodiment 2 of this 
invention. 

[0050] Fig. 1 4 is a graph showing the normalized cut- 
off frequency characteristics (d1/h = 0.3, d2/h = 0.3) of 
the film bulk acoustic wave device according to Embod- 
iment 2 of this invention. 

[0051 ] Fig. 1 5 is a graph showing the normalized cut- 
off frequency characteristics (d1/h = 0.4, d2/h = 0.4) of 
the film bulk acoustic wave device according to Embod- 
iment 2 of this invention. 

[0052] Fig. 1 6 is a graph showing the normalized cut- 
off frequency characteristics (d1/h = 0.1 , d2/h = 0.33) of 



the film bulk acoustic wave device according to Embod- 
iment 2 of this invention. 

[0053] Fig. 1 7 is a graph showing the normalized cut- 
off frequency characteristics (d1/h = 0.2, d2/h = 0.33) of 
5 the film bulk acoustic wave device according to Embod- 
iment 2 of this invention. 

[0054] Fig. 1 8 is a graph showing the normalized cut- 
off frequency characteristics (d1/h = 0.3, d2/h = 0.33) of 
the film bulk acoustic wave device according to Embod- 
iment 2 of this invention. 

[0055] Fig. 1 9 is a graph showing the dispersion char- 
acteristics (g/h = 4.0) of the film bulk acoustic wave de- 
vice according to Embodiment 2 of this invention. 
[0056] Fig. 20 is a graph showing the dispersion char- 
acteristics (g/h = 6.0) of the film bulk acoustic wave de- 
vice according to Embodiment 2 of this invention. 
[0057] Fig. 21 is a graph showing the electromechan- 
ical coupling coefficient characteristics of the film bulk 
acoustic wave device according to Embodiment 2 of this 
invention. 

[0058] Fig. 22 is a graph showing the impedance 
characteristics (g/h = 4.2) of the film bulk acoustic wave 
device according to Embodiment 2 of this invention. 
[0059] Fig. 23 is a graph showing the passing char- 
acteristics (g/h = 4.2) of the film bulk acoustic wave de- 
vice according to Embodiment 2 of this invention. 
[0060] Fig. 24 is a graph showing the impedance 
characteristics (g/h = 4.7) of the film bulk acoustic wave 
device according to Embodiment 2 of this invention. 
[0061] Fig. 25 is a graph showing the passing char- 
acteristics (g/h = 4.7) of the film bulk acoustic wave de- 
vice according to Embodiment 2 of this invention. 
[0062] Fig. 26 is a graph showing the normalized Si0 2 
thickness in which the TE2 mode crosses the TS3 mode 
of the film bulk acoustic wave device according to Em- 
bodiment 2 of this invention when the horizontal axis is 
designated as the normalized electrode thickness. 
[0063] Fig. 27 is agraph showing the normalized Si0 2 
thickness in which the TE2 mode crosses the TS3 mode 
of the film bulk acoustic wave device according to Em- 
bodiment 2 of this invention when the horizontal axis is 
designated as the equivalent density. 
[0064] Fig. 28 is a graph showing the normalized cut- 
off frequency characteristics (d1/h = 0.1, d2/h = 0.33) of 
the film bulk acoustic wave device according to Embod- 
iment 3 of this invention. 

[0065] Fig. 29 is a graph showing the normalized cut 
off frequency characteristics (d1/h = 0.2, d2/h = 0.33) of 
the film bulk acoustic wave device according to Embod- 
iment 3 of this invention. 

[0066] Fig. 30 is a graph showing the normalized cut- 
off frequency characteristics (d1/h = 0.3, d2/h = 0.33) of 
the film bulk acoustic wave device according to Embod- 
iment 3 of this invention. 

[0067] Fig. 31 is a graph showing the normalized Si0 2 
thickness in which the TE2 mode crosses the TS3 mode 
of the film bulk acoustic wave device according to Em- 
bodiment 3 of this invention when the horizontal axis is 
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designated as the normalized electrode thickness. 
[0068] Fig. 32 is a graph showing the normalized Si0 2 
thickness in which the TE2 mode crosses the TS3 mode 
of the film bulk acoustic wave device according to Em- 
bodiment 3 of this invention when the horizontal axis is 
designated as the equivalent density. 
[0069] Fig. 33 is a graph showing the normalized cut- 
off frequency characteristics of the film bulk acoustic 
wave device according to Embodiment 3 of this inven- 
tion when the acoustic constant is varied. 
[0070] Fig. 34 is a graph showing the normalized cut- 
off frequency characteristics of the film bulk acoustic 
wave device according to Embodiment 3 of this inven- 
tion when the density is varied. 

[0071 ] Fig. 35 is a top view showing a film bulk acous- 
tic wave device according to Embodiment 7 of this in- 
vention. 

[0072] Fig. 36 is a cross sectional view showing the 
film bulk acoustic wave device according to Embodi- 
ment 7 of this invention. 

[0073] Fig. 37 is a cross sectional view showing a 
modification of the film bulk acoustic wave device. 

Preferred Embodiments of the Invention 

[0074] In order to describe the invention in greater de- 
tail, the preferred embodiments of the invention will be 
described below with reference to the accompanying 
figures. 

Embodiment 1 

[0075] Figs. 5 and 6 show a film bulk acoustic wave 
device 4 according to an embodiment 1 of the present 
invention. Fig. 5 is a top view; and Fig. 6 is a cross sec- 
tional view taken along line ll-ll. In the figures, reference 
numeral 1 denotes a silicon (Si) substrate; 21 denotes 
a dielectric film formed on the silicon substrate 1, and 
composed of a silicon nitride (SiN) 1 6 formed on the sil- 
icon substrate 1 and a silicon oxide (Si0 2 ) 2 formed ther- 
eon, in this embodiment. 3 denotes a bottom electrode 
formed on the dielectric film 21 , and composed of a ti- 
tanium (Ti) film formed on the silicon oxide 2 and a plat- 
inum (Pt) film formed thereon, in this embodiment. 17 
denotes a piezoelectric film composed of lead titanate 
(PbTi0 3 ). 5 denotes a top electrode formed on the pie- 
zoelectric film 1 7, having the same structure as the bot- 
tom electrode 3 in this embodiment. 18 denotes an air 
bridge and connects the top electrode 5 to a bonding 
pad 19. 20 denotes a bonding pad which connects the 
bottom electrode 3. Note that the same reference nu- 
merals or symbols will be denoted by the same compo- 
nents as those of Figs. 1 and 2. A via hole 6 is formed 
by removing the bottom surface of the silicon substrate 
1 to the boundary surface of the silicon nitride 1 6 in the 
thickness direction of a part of the silicon substrate 1 
opposite to a region including a part provided with the 
top electrode 5. 



[0076] The silicon nitride 16 is particularly favorable 
in the resistance to an etching solution so as to form the 
via hole 6 and in the characteristics to an inner stress 
for achievement of a flat surface, and is particularly suit- 

5 able for formation of the surface in contact with the via 
hole 6. Hence, the application of the silicon nitride 16 
may prevent the breakdown of elements during etching 
and also prevent the deterioration of the characteristics 
of the elements due to the deformation caused by the 

10 inner stress. 

[0077] The titanium film of the bottom electrode 3 is 
inserted for improvement of an adhesion between the 
platinum film formed thereon and the dielectric film 21 . 
In addition, the crystallinity of the platinum film of the 

15 bottom electrode 3 is very important so as to obtain a 
favorable piezoelectric film 17 since the piezoelectric 
film 17 grows along the crystal lattice of the platinum 
film. Note that the platinum film of the top electrode 5 is 
used because of its relatively excellent characteristics 

20 with respect to corrosion-resistance and electrical re- 
sistance. For these purposes, since the platinum and 
titanium films are applied to the top electrode 5 and bot- 
tom electrode 3, the thickness of the platinum film is rel- 
atively thicker than that of the titanium film. For example, 

25 it is designated by a relationship of the platinum film: 0.1 
|um thick and the titanium film: 0.03 jum thick. 
[0078] In the following description, the thickness of 
the piezoelectric film 1 7 is set to 2h; the thickness of the 
top electrode 5 is set to d1 ; the thickness of the bottom 

30 electrode 3 is set to d2; and the thickness of the dielec- 
tric film 21 is set to g. However, the platinum film is thick- 
er than the titanium film, and further the density of plat- 
inum is 21370 kg/m 3 , while the density of titanium is 
4540 kg/m 3 . Thus, since the platinum film affects more 

35 largely than the titanium film with respect to the mass 
load, the thickness of the platinum film is used as a cen- 
tral value when the thickness of the top electrode 5 is 
d1 and the thickness of the bottom electrode 3 is d2. On 
the other hand, since there is no critical difference be- 

40 tween the silicon nitride 16 and the silicon oxide 2, the 
sum in thickness of the silicon nitride 1 6 and the silicon 
oxide 2 is used when the thickness of the dielectric film 
21 is g. 

[0079] Figs. 7 and 8 are graphs showing the charac- 
45 teristics of the film bulk acoustic wave device according 
to Embodiment 1 . These show the characteristics when 
the top electrode 5 and bottom electrode 3 are com- 
posed of platinum, the piezoelectric film 1 7 is composed 
of lead titanate, and the dielectric film 21 is composed 
50 of silicon oxide. Figs. 7 and 8 show the calculation re- 
sults in a case where both the normalized thickness d1 /h 
of the top electrode 5 determined by the thickness 2h of 
the piezoelectric film 1 7 and the thickness d1 of the top 
electrode 5, and the normalized thickness d2/h of the 
55 bottom electrode 3 determined by the thickness 2h of 
the piezoelectric film 1 7 and the thickness d2 of the bot- 
tom electrode 3 is 0.02. 

[0080] The horizontal axes in Figs. 7 and 8 are the 
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normalized thickness of the dielectricfilm 21 , that is, nor- 
malized Si0 2 thickness (g/h), determined by the thick- 
ness 2h of the piezoelectric film 17 and the thickness g 
of the piezoelectric film 21, that is, normalized Si0 2 
thickness (g/h). The vertical axis in Fig. 7 is the normal- 
ized resonant frequency Fr/f 0 when the resonant fre- 
quency Fr of the electrode unit is normalized by the res- 
onant frequency f 0 in thickness resonance when both 
surfaces of the electrode unit are free surfaces. The ver- 
tical axis in Fig. 8 is the effective electromechanical co- 
efficient k 2 determined by k 2 = (Fa 2 - Fr 2 )/Fr 2 based on 
the resonant frequency Fr and the antiresonant frequen- 
cy Fa. 

[0081] An equivalent circuit by use of distribution con- 
stant lines is used in the calculations. This equivalent 
circuit is the same as that of an equivalent circuit, for 
example, as shown of Fig. 3 in JP-A 9-130200 (herein- 
after, referred to as reference 5). By applying the mate- 
rial constants such as acoustic constant, dielectric con- 
stant, and piezoelectric constant or the thickness of 
each film to circuit components to the circuit compo- 
nents such as the distribution constant lines corre- 
sponding to the top electrode 5, piezoelectric film 17, 
bottom electrode 3, and dielectric film 21 in the equiva- 
lent circuit, the impedance estimated from the electrical 
terminals of the equivalent circuit is calculated with var- 
ying frequencies; a frequency in which the impedance 
is closest to zero is set to the resonant frequency Fr, 
while a frequency in which an admittance as a reverse 
number of the impedance is closest to zero is set to the 
antiresonant frequency Fa. 

[0082] In the figures, reference numeral 21 and 24 
each denote the characteristics of a first mode (TE1 ) of 
the thickness extension vibration; 22 and 25 each de- 
note the characteristics of a second mode (TE2) of the 
thickness extension vibration; and 23 and 26 each de- 
note the characteristics of a third mode (TE3) thereof. 
[0083] As is apparent from Fig. 7, the normalized res- 
onant frequency of the first mode (TE1) is a slightly 
smaller value than 0.4 when the normalized Si0 2 thick- 
ness is zero; the thicker the normalized Si0 2 thickness, 
the smaller the resonant frequency Fr. Similarly, the 
thicker the normalized Si0 2 thickness, the smaller the 
resonant frequencies of the second mode (TE2) and 
third mode (TE3). On the other hand, as is apparent from 
Fig. 8, the electromechanical coupling coefficient k 2 of 
the first mode (TE1 ) is substantially maximum when the 
normalized Si0 2 thickness is approximate to zero, while 
the larger the normalized Si0 2 thickness, thesmallerthe 
coefficient k 2 . The electromechanical coupling coeffi- 
cient k 2 of the second mode (TE2) is maximum around 
the normalized Si0 2 thickness of 3, while the electrome- 
chanical coupling coefficient k 2 of the third mode (TE3) 
is maximum around the normalized Si0 2 thickness of 6. 
[0084] Figs. 9 and 1 0 show calculation results, as sim- 
ilarly to Figs. 7 and 8, when both the normalized thick- 
ness (d1/h) of the top electrode 5 and the normalized 
thickness (d2/h) of the bottom electrode 3 are 0.1 . In the 



cases of Figs. 9 and 10, the top electrode 5 and bottom 
electrode 3 are relatively thicker as compared to those 
of Figs. 7 and 8; therefor, comparing Fig. 7 with Fig. 9, 
the resonant frequency Fr of Fig. 9 is lower than that of 

5 Fig. 7 with respect to the same normalized Si0 2 thick- 
ness; and comparing Fig. 8 and Fig. 1 0, the normalized 
Si0 2 thickness of Fig. 1 0, such that the electromechan- 
ical coefficients k 2 of the second mode (TE2) and third 
mode (TE3) in Fig. 1 0 each are maximum, is larger than 

10 that of Fig. 8. 

[0085] As is apparent from the calculation results as 
shown in Figs. 7 to 10, the thickness g of the dielectric 
film 21 is not only simply affected by the resonant fre- 
quency Fr, but also largely affected by the electrome- 

15 chanical coefficient k 2 which has a large effect on the 
film bulk acoustic wave device. Further, as is apparent 
from Fig. 4, even in a case where the first mode (TE1) 
of the thickness extension vibration exhibits the charac- 
teristics of a high range cut-off or backward-wave type 

20 such that the frequency is lowered as the normalized 
piezoelectric film thickness is increased, the second 
mode (TE2) of the thickness extension vibration exhibits 
the characteristics of a low range cut-off. Therefor, for 
example, when the normalized thicknesses of both the 

25 top electrode 5 and bottom electrode 3 are 0.1 and the 
normalized Si0 2 thickness is around 4, the electrome- 
chanical coefficient k 2 is the largest and an energy trap- 
ping possible film bulk acoustic wave device may be 
achieved. Though the electromechanical coupling coef- 

30 ficient k 2 of the second mode (TE2) is smaller by about 
30 % than the maximum value of the first mode (TE1), 
the value of about 1 3 % of the maximum value, however, 
may be expected, and is larger as compared to a case 
of this type of the conventional film bulk acoustic wave 

35 device, thereby performing a film bulk acoustic wave de- 
vice having the characteristics of wider band and lower 
loss. This is similarly applied even in a case of the third 
mode (TE3) or more, which the degree of modes to be 
used may be determined based on the frequency and 

40 electromechanical coupling coefficient k 2 to be required 
as a film bulk acoustic device. 

[0086] From the calculation results shown in Figs. 8 
and 10, Fig. 11 shows a relationship between the nor- 
malized thickness of the top electrode 5 and normalized 

45 Si0 2 thickness so that the electromechanical coefficient 
k 2 can satisfy a certain condition. The horizontal axis of 
Fig. 11 represents a normalized thickness of the top 
electrode 5 or normalized electrode thickness (d1/h), 
and the vertical axis represents a normalized Si0 2 thick- 

50 ness (g/h). 

[0087] In the figure, reference numeral 27 denotes a 
normalized Si0 2 thickness so that the first mode (TE1) 
can be equal in the electromechanical coefficient k 2 to 
the second mode (TE2); 28 denotes a normalized Si0 2 

55 thickness so that the electromechanical coefficient k 2 of 
the second mode (TE2) can be the largest; 29 denotes 
a normalized Si0 2 thickness so that the second mode 
(TE2) can be equal in the electromechanical coefficient 
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k 2 to the third mode (TE3); and 30 denotes a normalized 
Si0 2 thickness so that the electromechanical coefficient 
k 2 to the third mode (TE3) can be the largest. 
[0088] As is apparent from Fig. 1 1 , when the normal- 
ized Si0 2 thickness is 3 or more, or the thickness g of 
the dielectric film 21 is set to 1 .5 times the thickness 2h 
of the piezoelectric film 17, it can be brought to more 
than the normalized Si0 2 thickness 28 such that the 
electromechanical coefficient k 2 of the second mode 
(TE2) is maximum. Therefor, when the thickness g of 
the dielectric film 21 is set to 1 .5 times or more the thick- 
ness 2h of the piezoelectric film 17, the effective elec- 
tromechanical coefficient k 2 is larger than this type of 
the conventional film bulk acoustic wave device, thereby 
having the characteristics of wider band and lower loss, 
and performing an energy trapping possible film bulk 
acoustic wave device. This may prevent the occurrenc- 
es of unnecessary spuriousness caused by the end 
shape of the piezoelectric substance, originally irrele- 
vant to the characteristics of the film bulk acoustic wave 
device, a positional relationship between the end of the 
piezoelectric substance and the end of the via hole, and 
the like, and also prevent an enlarged loss where the 
energy of the acoustic wave propagates to the outside 
of the top electrode. 

[0089] As described above, according to the embod- 
iment 1 , for example, when the film bulk acoustic wave 
device is produced so that the electromechanical cou- 
pling coefficient k 2 of the second mode (TE2) of the 
thickness extension vibration is the largest, an energy 
trapping possible film bulk acoustic wave device with de- 
sired favorable characteristics may be achieved. 

Embodiment 2 

[0090] The basic structure of a film bulk acoustic wave 
device according to an embodiment 2 is the same as 
that shown in Figs. 5 and 6. 

[0091] Figs. 12 to 15 are graphs showing the charac- 
teristics of the film bulk acoustic wave device according 
to Embodiment 2. In this case, these designate the char- 
acteristics in which a top electrode 5 and a bottom elec- 
trode 3 are composed of platinum, a piezoelectric film 
1 7 is composed of lead titanate, and a dielectric film 21 
is composed of silicon oxide. The horizontal axis of Figs. 
12 to 15 designates a normalized Si0 2 thickness (g/h), 
and the vertical axis thereof designates a normalized 
cut-off frequency (fc/f 0 ) in which a cut-off frequency fc 
is normalized by a resonant frequency f 0 of thickness 
resonance when the two sides are free surfaces. The 
cut-off frequency fc is almost the same as the resonant 
frequency in which the thickness resonance occurs. 
[0092] Fig. 12 is the calculation results in which both 
the normalized thickness (d1/h) of the top electrode 5 
and the normalized thickness (d2/h) of the bottom elec- 
trode 3 are 0. 1 . Fig. 1 3 is the calculation results in which 
both the normalized thickness (d1/h) of the top electrode 
5 and the normalized thickness (d2/h) of the bottom 



electrode 3 are 0.2. Fig. 14 is the calculation results in 
which both the normalized thickness (d1/h) of the top 
electrode 5 and the normalized thickness (d2/h) of the 
bottom electrode 3 are 0.3. Fig. 15 is the calculation re- 

5 suits in which both the normalized thickness (d1/h) of 
the top electrode 5 and the normalized thickness (d2/h) 
of the bottom electrode 3 are 0.4. 
[0093] In the figures, reference numeral 31 repre- 
sents the characteristics of the first mode (TS1) of the 

10 thickness shear vibration; 32 represents the character- 
istics of the second mode (TS2) of the thickness shear 
vibration; 33 represents the characteristics of the third 
mode (TS3) of the thickness shear vibration; 34 repre- 
sents the characteristics of the fourth mode (TS4) of the 

15 thickness shear vibration; 35 represents the character- 
istics of the first mode (TE1) of the thickness extension 
vibration; and 36 represents the characteristics of the 
second mode (TE2) of the thickness extension vibration. 
[0094] As is apparent from the calculation results 

20 shown in Figs. 12 to 15, as the normalized Si0 2 thick- 
ness increases, the normalized cut-off frequencies are 
respectively decreased for the above-mentioned 
modes. For example, in Fig. 12, when the normalized 
Si0 2 thickness is 0.1 , the normalized cut-off frequency 

25 of the TE1 mode is 0.719; however, when the normal- 
ized Si0 2 thickness is 4.0, the normalized cut-off fre- 
quency of the TE1 mode is lowered to 0.348. 
[0095] On the other hand, the dimensional relation- 
ship of the normalized cut-off frequency between the dif- 

30 ferent modes is not regularly the same, it may vary de- 
pending on the normalized Si0 2 thickness. In particular, 
the dimensional relationship between the TE2 mode 
and the TS3 mode is important since it affects largely to 
the characteristics of the film bulk acoustic wave device. 

35 [0096] In Fig. 1 2, when the normalized Si0 2 thickness 
is about 1 .7 or less, the normalized cut-off frequency of 
the TE2 mode is larger than that of the TS3 mode. How- 
ever, when the normalized Si0 2 thickness is laid be- 
tween about 1.7 and about 3.4, the normalized cut-off 

40 frequency of the TE2 mode is smaller than that of the 
TS3 mode. When the normalized Si0 2 thickness is 
about 3.4 or more, the normalized cut-off frequency of 
the TE2 mode is larger than that of the TS3 mode. 
[0097] Similarly, a range of the normalized Si0 2 thick- 

45 ness so that the normalized cut-off frequency of the TE2 
mode can be smaller than that of the TS3 mode is about 
1.9 to about 4.2 in Fig. 13, about 2.1 to about 4.8 in Fig. 
14, and about 2.2 to about 5.3 in Fig. 15. 
[0098] Then, in a case where the normalized thick- 

50 ness (d1/h) of the top electrode 5 was different from the 
normalized thickness (d2/h) of the bottom electrode 3, 
the same calculation as those of Figs. 12 to 15 were 
carried out. Fig. 16 shows the calculation results in 
which the normalized thickness (d1/h) of the top elec- 

55 trode 5 is 0.1 and the normalized thickness (d2/h) of the 
bottom electrode 3 is 0.33. Fig. 1 7 shows the calculation 
results in which the normalized thickness (d1/h) of the 
top electrode 5 is 0.2 and the normalized thickness 
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(d2/h) of the bottom electrode 3 is 0.33. Fig. 18 shows 
the calculation results in which the normalized thickness 
(d1/h) of the top electrode 5 is 0.3 and the normalized 
thickness (d2/h) of the bottom electrode 3 is 0.33. 
[0099] In Figs. 1 6 to 18 also, when a range of the nor- 
malized Si0 2 thickness so that the normalized cut-off 
frequency of the TE2 mode can be smaller than that of 
the TS3 mode is determined, it is about 1 .8 to about 4.2 
in Fig. 16, about 2.0 to about 4.5 in Fig. 17, and about 
2.1 to about 4.1 in Fig. 18. 

[0100] Fig. 19 is a graph showing the dispersion char- 
acteristics of the film bulk acoustic wave device accord- 
ing to the embodiment 2. This indicates the dispersion 
characteristics in which the top electrode 5 and bottom 
electrode 3 are composed of platinum, the piezoelectric 
film 17 is composed of lead titanate, and the dielectric 
film is composed of silicon oxide. The horizontal axis of 
Fig. 19 represents the normalized piezoelectric sub- 
stance thickness (2kh) and the vertical axis thereof rep- 
resents the normalized frequency (f/f 0 ), where f 0 is the 
same as those of Figs. 12 to 18. The normalized fre- 
quency at each mode in an intersection with the vertical 
axis is the normalized cut-off frequency (fc/f 0 ). 
[0101] Fig. 19 indicates the calculation results where 
the normalized thickness (d1/h) of the top electrode 5 is 
0.2, the normalized thickness (d2/h) of the bottom elec- 
trode 3 is 0.33, and the normalized Si0 2 thickness (g/h) 
is 4.0, corresponding to the calculation results in a re- 
gion where the normalized cut-off frequency of the TE2 
mode in Fig. 17 is smaller than that of the TS3 mode. 
[0102] In the figure, reference numeral 37 denotes a 
dispersion characteristic of the TS1 mode, 38 denotes 
a dispersion characteristic of the TS2 mode, 39 denotes 
a dispersion characteristic of the TS3 mode, 40 denotes 
a dispersion characteristic of the TS4, 41 denotes a dis- 
persion characteristic of the TE1 , and 42 denotes a dis- 
persion characteristic of the TE2. 
[0103] As is apparent from Fig. 19, the TE1 and TE2 
modes denote backward-wave dispersion characteris- 
tics such that as the normalized piezoelectric substance 
thickness is larger, the normalized frequency is lowered 
in the vicinity of the vertical axis. This represents that a 
frequency range higher than the cut-off frequency cor- 
responds to a cut-off mode incapable of propagating 
acoustic waves. When the above-depicted dispersion 
characteristics are exhibited, an energy-trapping which 
traps the energy of acoustic waves are unfavorably car- 
ried out, thereby deteriorating the characteristics of the 
film bulk acoustic wave device. Therefore, when the nor- 
malized Si0 2 thickness (g/h) is 4.0, a favorable film bulk 
acoustic wave device cannot be obtained even when ei- 
ther mode of the first mode (TE1) of the thickness ex- 
tension vibration and the second mode (TE2) of the 
thickness shear vibration is applied. 
[0104] Fig. 20 denotes the calculation results as well 
as Fig. 19 where the normalized Si0 2 thickness (g/h) is 
6.0, and the calculation results in a region where the 
normalized cut-off frequency of the TE2 mode in Fig. 1 7 



is larger than that of the TS3 mode. 
[01 05] As is apparent from Fig. 20, the TE1 mode de- 
notes a backward-wave dispersion characteristic as 
well as Fig. 1 9, and the TE2 mode denotes a high-band- 
5 cut-off dispersion characteristic. Accordingly, in a case 
where the normalized Si0 2 thickness (g/h) is 6.0, when 
the second mode (TE2) of the thickness extension vi- 
bration is used, the energy of acoustic waves can be 
trapped, thereby obtaining a favorable film bulk acoustic 
wave device. 

[0106] Fig. 21 is a graph showing the characteristics 
of the film bulk acoustic wave device according to the 
embodiment 2. This indicates the characteristics where 
the top electrode 5 and bottom electrode 3 are com- 
posed of platinum, the piezoelectric film 1 7 is composed 
of lead titanate, and the dielectric film 21 is composed 
of silicon oxide. Fig. 21 is the calculation results where 
the normalized thickness (d1/h) of the top electrode 5 is 
0.2, and the normalized thickness (d2/h) of the bottom 
electrode 3 is 0.33. These conditions are the same as 
those of Fig. 17. The horizontal axis of Fig. 17 corre- 
sponds to the normalized Si0 2 thickness (g/h), while the 
vertical axis corresponds to the effective electrome- 
chanical coupling coefficient k 2 . 

[0107] As is apparent from Fig. 21 , in a range of the 
normalized Si0 2 thickness of about 3 to about 7, the ef- 
fective electromechanical coupling coefficient k 2 of the 
TE2 mode is larger than those of the other modes, and 
is maximum around the normalized Si0 2 thickness of 
4.5. Conventionally, the film bulk acoustic wave device 
using the TE2 mode was applied in a range that the ef- 
fective electromechanical coupling coefficient k 2 had a 
large value. But, on the other hand, as shown in Fig. 1 7, 
unless the normalized Si0 2 thickness is 4.5 or more, a 
favorable energy trapping possible film bulk acoustic 
wave device cannot be performed with the TE2 mode. 
[0108] Fig. 22 is a graph showing the measurement 
results of input impedance (S1 1 ) and output impedance 
(S22) of the film bulk acoustic wave device according to 
the embodiment 2, and represents the measurement re- 
sults where the top electrode 5 and bottom electrode 3 
is composed of platinum film using a titanium film as a 
contact film, the piezoelectric film 17 is composed of 
lead titanate, and the dielectric film 21 is composed of 
silicon oxide formed on a silicon nitride. 
[0109] The thickness of the titanium film constituting 
the top electrode 5 is 0.05 jum, and the thickness of the 
platinum film is 0.15 jum. The thickness of the titanium 
film constituting the bottom electrode 3 is 0.05 |um, and 
the thickness of the platinum film is 0.1 5 |um. The thick- 
ness 2h of the piezoelectric film 1 7 is 0.9 \xm. The thick- 
ness of the silicon nitride constituting the dielectric film 
21 is 0.1 jum, while the thickness of silicon oxide is 1 .8 
|um. Thus, the normalized thickness (d1/h) of the top 
electrode 5 and the normalized thickness (d2/h) of the 
bottom electrode 3 is about 0.33, while the normalized 
thickness (g/h) of the dielectric film 21 is 4.2. In addition, 
the dimensions of the input-side electrode 5a and out- 
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put-side electrode 5b of the top electrode 4 is 14 (jum) 
by 80 in rectangle, and the input-side electrode 5a is 
arranged apart from the output-side electrode 5b by 0.7 
|im. 

[0110] In Fig. 22, asolid line 43 denotes the measure- 
ment results of the input impedance (S1 1 ); a dotted line 
44 denotes the measurement results of the output im- 
pedance (S22). Considerably large resonant circles ex- 
ist near 800 MHz and 1 .4 GHz. 

[0111] In Fig. 23, asolid line 45 denotes the measure- 
ment results of the loss; a dotted line 46 denotes the 
measurement results of the phase. As is apparent from 
Fig. 23, there is a transmission range near 800 MHz, 
and a small transmission range near 1.4 GHz. At the 
just higher frequency side, there is a zero point that the 
loss increases steeply. 

[0112] In Figs. 22 and 23, the characteristic around 
800 MHz depends on the first mode (TE1 ) of the thick- 
ness extension vibration. The characteristic around 1 .4 
GHz depends on the second mode (TE2) of the thick- 
ness extension vibration. Since the thickness shear vi- 
bration little occurs in case of the piezoelectric film 17 
composed of lead titanate, there is no appearance in the 
measurement results. In the first mode (TE1) of the 
thickness extension vibration, as shown in Fig. 22, a 
large resonant circle is appeared in the impedance char- 
acteristics; as shown in Fig. 23, a transmission range is 
also present. On the other hand, in the second mode 
(TE2) of the thickness extension vibration, as shown in 
Fig. 22, a large resonant circle is appeared in the im- 
pedance characteristics; however, as shown in Fig. 23, 
the transmission range is extremely small. 
[0113] Figs. 24 and 25 denote the measurement re- 
sults when the thickness of the silicon oxide is 2.0 jum, 
as well as Figs. 22 and 23. Accordingly, the normalized 
thickness (d1/h) of the top electrode 5 and the normal- 
ized thickness (d2/h) of the bottom electrode 3 are about 
0.33, and the normalized thickness (g/h) of the dielectric 
film 21 is 4.7. In addition, the dimension of the input-side 
electrode 5a and output-side electrode 5b of the top 
electrode 5 is 14 (jum) by 70 in rectangle. The input-side 
electrode 5a is arranged apart from the output-side elec- 
trode 5b by 0.5 |nm. 

[0114] Though resonant circles exist around 600 MHz 
and 1.3 GHz, the resonant circle around 600 MHz is 
smaller than that around 1 .3 GHz. 
[0115] As is apparent from Fig. 25, there is a trans- 
mission range around the frequency 600 MHz, and there 
is also a transmission range around the frequency 1.3 
GHz. 

[01 16] The differences between the measurement re- 
sults shown in Figs. 22 and 23 and those shown in Figs. 
24 and 25 are based on the thickness difference of the 
dielectric film 21. Since the case of Figs. 22 and 23 is 
smaller in the thickness of the dielectric film 21 than that 
of Fig. 24 and 25. In addition, as is apparent from Fig. 
21 , the effective electromechanical coefficient k 2 of the 
first mode (TE1) of the thickness extension vibration is 



larger in the case of Figs. 22 and 23. Due to this reason, 
it appears the case of Fig. 22 is larger than that of Fig. 
24 in the resonant circle at the lower frequency side. 
[0117] In contrast, in the resonant circle of the higher 
5 frequency side, Fig. 22 is almost the same as Fig. 24, 
while in the transmission characteristics, Fig. 23 is dif- 
ferent from Fig. 25. The normalized electrode thickness 
used for the measurements of Figs. 22 to 25 is close to 
the case of Fig. 13. As is apparent from Fig. 13, in the 
10 normalized Si0 2 thickness, the case of Figs. 22 and 23 
is 4.2, while the case of Figs. 24 and 25 is 4.7; the en- 
ergy-trapping is insufficient in both the cases. But, the 
case of Figs. 24 and 25 is closer in the intersection be- 
tween the TE2 and TS3 modes; the case of Figs. 22 and 
15 23 is more insufficient in the energy-trapping than that 
of Figs. 24 and 25; it appears such a difference provides 
the difference in the transmission characteristics. 
[0118] From the calculation results shown in Figs. 12 
to 18, Fig. 26 denotes the normalized Si0 2 thickness in 
20 which the TE2 mode intersects with the TS3 mode. The 
horizontal axis of Fig. 26 corresponds to the normalized 
thickness of the top electrode 5, or normalized electrode 
thickness (d1/h), while the vertical axis corresponds to 
the normalized Si0 2 thickness (g/h). 
25 [0119] In the figure, the solid lines 47 and 48 denote 
the case in which the top electrode 5 is the same thick- 
ness as the bottom electrode 3; the dashed lines 49 and 
50 each denote in a case where the normalized thick- 
ness (d2/h) of the bottom electrode 3 is 0.33, and differ- 
30 ent from the thickness (d1/h) of the top electrode 5. In 
the figure, reference numeral 47 and 49 denote a larger 
one of the normalized Si0 2 thicknesses in which the 
TE2 mode intersects with the TS3 mode, while 48 and 
50 denote a smaller one of the normalized Si0 2 thick- 
35 nesses in which the TE2 mode intersects with the TS3 
mode. 

[0120] As is apparent from Fig. 26, since depicted are 
different loci between a case where the thickness of the 
top electrode 5 is different from that of the bottom elec- 
40 trode 3 and a case where the former is equal to the latter, 
a relationship between the thicknesses of the top elec- 
trode 5 and bottom electrode 3 and the thickness of the 
dielectric film 21 cannot be typically represented. 
[0121] Since the thickness resonance changes de- 
45 pending on the change of the propagation route of the 
acoustic wave due to the thicknesses of the top elec- 
trode 5 and bottom electrode 3, and the mass loads of 
the top electrode 5 and bottom electrode 3, an equiva- 
lent density R here is defined as the following expres- 
50 sion, so as to represent the mass loads of the top elec- 
trode 5 and bottom electrode: R = (p1d1/h +p2d2/h), 
where p1 is a density of the top electrode 5 (x 1 000 kg/ 
m3), p2 is a density of the bottom electrode 3 (x 1000 
kg/m3). When the top electrode 5 and bottom electrode 
55 3 are composed of a plurality types of metal films, the 
equivalent density may be determined separately for 
each metal film. For example, in a case where the top 
electrode 5 and bottom electrode 3 each are composed 
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of a platinum film and a titanium film, and the titanium 
film and the platinum film constituting the top electrode 
5 and bottom electrode 3 are 0.05 |nm thick, and 0.15 
Urn thick, respectively, R = (4.58 x 0.05/0.45 + 21 .62 x 
0.15/0.45) x 2 = 15, where 4.58 is a density of titanium, 
and 21 .62 is a density of platinum. 
[0122] Fig. 27 corresponds to a graph in which the 
horizontal axis of the graph shown in Fig. 26 is plotted 
as the equivalent density R. As is apparent from Fig. 27, 
a locus where the top electrode 5 and bottom electrode 
3 are different in thickness from each other matches a 
locus where they are equal in thickness to each other. 
In order to achieve an energy trapping possible film bulk 
acoustic wave device, it is required that the normalized 
Si0 2 thickness is larger than a locus representing a larg- 
er value of the normalized Si0 2 thicknesses in which the 
TE2 mode intersects with the TS3 mode. When an ap- 
proximate right line is determined from a locus exhibiting 
a larger value than the normalized Si0 2 thickness in 
which the TE2 mode crosses the TS3 mode in Fig. 27, 
the following expression is provided: (g/h) = (0.147 x R 
+ 2.85). Thus, to show up a larger normalized Si0 2 thick- 
ness (g/h) than this straight line is a condition to perform 
an energy trapping possible film bulk acoustic wave de- 
vice using the second mode (TE2) of the thickness ex- 
tension vibration, the device having more favorable 
characteristics than the prior art. 
[0123] As described above, according to Embodiment 
2, when the normalized Si0 2 thickness (g/h) is set to a 
value of (0. 1 47 x R + 2.85) or more, an energy trapping 
possible film bulk acoustic wave device may be 
achieved by use of the second mode (TE2) of the thick- 
ness extension vibration. Further, the film bulk acoustic 
wave device has a larger electromechanical coefficient 
than this type of the conventional film bulk acoustic wave 
device, and little occurs the thickness shear vibration 
except the thickness extension vibration as a main vi- 
bration, thereby providing the characteristics of reduced 
losses or wider ranges as compared to the prior art. 

Embodiment 3 

[0124] Though the basic structure of a film bulk acous- 
tic wave device of Embodiment 3 is the same as that 
shown in Figs. 5 and 6, the top electrode 5 is composed 
of aluminum (Al) in Embodiment 3. The density of alu- 
minum is 2690 (kg/m 3 ). 

[0125] Figs. 28 to 30 are graphs showing the charac- 
teristics of the film bulk acoustic wave device according 
to Embodiment 3. These here show the characteristics 
where the top electrode 5 is composed of aluminum, the 
bottom electrode 3 is composed of platinum, the piezo- 
electric film 17 is composed of lead titanate (PbTiOg), 
and the dielectric film 21 is composed of silicon oxide. 
The horizontal axis of Figs. 28 to 30 corresponds to the 
normalized Si0 2 thickness (g/h), and the vertical axis 
thereof corresponds to the normalized cut-off frequency 
(fc/f 0 ). 



[0126] Fig. 28 represents the calculation results in a 
where the normalized thickness of the top electrode 5 
(d1/h) is 0.1 , and the normalized thickness (d2/h) of the 
bottom electrode 3 is 0.33. Fig. 29 represents the cal- 

5 culation results in a where the normalized thickness of 
the top electrode 5 (d1/h) is 0.2, and the normalized 
thickness (d2/h) of the bottom electrode 3 is 0.33. Fig. 
30 represents the calculation results in a where the nor- 
malized thickness of the top electrode 5 (d1/h) is 0.3, 

10 and the normalized thickness (d2/h) of the bottom elec- 
trode 3 is 0.33. 

[0127] In the figures, reference numeral 51 denotes 
the characteristics of the first mode (TS1) of the thick- 
ness shear vibration; 52 denotes the characteristics of 

15 the second mode (TS2) of the thickness shear vibration; 
53 denotes the characteristics of the third mode (TS3) 
of the thickness shear vibration; 54 denotes the charac- 
teristics of the fourth mode (TS4) of the thickness shear 
vibration; 55 denotes the characteristics of the first 

20 mode (TE1 ) of the thickness extension vibration; and 56 
denotes the characteristics of the second mode (TE2) 
of the thickness extension vibration. 
[01 28] Even when the top electrode 5 is composed of 
aluminum, as well as a case of Figs. 1 2 to 18 where the 

25 top electrode 5 is composed of platinum, a dimensional 
relationship between the second mode (TE2) of the 
thickness extension vibration and the third mode (TS3) 
of the thickness shear vibration changes depending on 
the normalized Si0 2 thickness. Therefor, as well as a 

30 case of Fig. 26, Fig. 31 shows the normalized Si0 2 thick- 
ness in which the TS2 mode crosses the TS3 mode from 
the calculation results shown in Figs. 28 to 30. 
[0129] In the figures, reference numerals 57 and 58 
denoted by broken lines designate a case where the top 

35 electrode 5 is composed of aluminum. For references, 
Fig 31 illustrates a locus where the top electrode 5 
shown in Fig. 26 is composed of platinum. 
[0130] Fig. 32 designates where the graphs shown in 
Fig. 31 are plotted by the horizontal axis as the equiva- 

40 lent density R. As is apparent from Fig. 32, a locus of 
the top electrode 5 composed of aluminum is different 
from one of the top electrode 5 composed of platinum. 
This reason is as follows: since the aluminum density is 
greatly different from the platinum density, a relationship 

45 between the contribution due to the mass load and the 
contribution due to the top electrode 5 thickness differs 
largely in a case where the top electrode 5 is composed 
of either aluminum or platinum. In a case where the top 
electrode 5 is composed of aluminum in Fig. 32, when 

50 an approximate right line is determined from a locus ex- 
hibiting a larger value among the normalized Si0 2 thick- 
nesses in which the TE2 mode crosses the TS3 mode, 
the following expression is provided: (g/h) = (0.023 x R 
+ 3.57). In order to achieve an energy trapping possible 

55 film bulk acoustic wave device having the top electrode 
5 composed of aluminum, it is required that the normal- 
ized Si0 2 thickness (g/h) should be set to (0.023 xR + 
3.57) or more. 
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[0131] As described above, according to Embodiment 
3, when the normalized Si0 2 thickness (g/h) is set to a 
value of (0.023 x R + 3.57) or more, an energy trapping 
possible film bulk acoustic wave device may be 
achieved by use of the second mode (TE2) of the thick- 
ness extension vibration. Further, the film bulk acoustic 
wave device has a larger electromechanical coefficient 
than the conventional type film bulk acoustic wave de- 
vice, and little occurs the thickness shear vibration ex- 
cept the thickness extension vibration as a main vibra- 
tion, thereby providing the characteristics of reduced 
losses or wider ranges as compared to the prior art. 
[0132] However, the above-mentioned matter is ap- 
plied similarly to a case where the top electrode 5 is 
composed of a titanium film formed on the piezoelectric 
film 17 and an aluminum film formed thereon. 
[0133] The thickness of the silicon oxide to perform 
the energy entrapping possible film bulk acoustic wave 
device with the second mode (TE2) of the thickness ex- 
tension vibration, as described in above, varies depend- 
ing on the velocity of acoustic waves that propagates in 
an actual silicon oxide. The propagation velocity V that 
propagates in a medium is determined by V = (c/ p )° 5 
from the velocity p of the medium and the acoustic con- 
stant c. 

[0134] Fig. 33 shows the calculation results as well as 
Fig. 29 in a case where the acoustic constant c of the 
silicon oxide is multiplied by 0.9. When the acoustic con- 
stant c of the silicon oxide is multiplied by 0.9, the prop- 
agation velocity is decrease by about 5 %. The normal- 
ized Si0 2 thicknesses in which the second mode (TE2) 
of the thickness extension vibration crosses the third 
mode (TS3) of the thickness shear vibration are 1.60 
and 3.65, which are smaller by 4-5 % as compared to 
the case of Fig. 29. 

[0135] Fig. 34 shows the calculation results as well as 
Fig. 29 in a case where the density p of the silicon oxide 
is multiplied by 1 .1 . Also when the density p of the silicon 
oxide is multiplied by 1.1, the velocity V is smaller by 
about 5 %. The normalized Si0 2 thicknesses in which 
the second mode (TE2) of the thickness extension vi- 
bration crosses the third mode (TS3) of the thickness 
shear vibration are 1 .63 and 3.66, which are smaller by 
about 4 %. 

Embodiment 4 

[0136] Though the basic structure of a film bulk acous- 
tic wave device of Embodiment 4 is the same as that 
shown in Figs. 5 and 6, the bottom electrode 3 is com- 
posed of iridium (Ir) in Embodiment 4. The density of 
aluminum is 22500 (kg/m 3 ). 

[0137] The crystallinity of the iridium film of the bottom 
electrode 3, as in a case of the platinum film, greatly 
affects the crystallinity of the piezoelectric film 17, and 
is extremely important to create a favorable piezoelec- 
tric film 17. In a case where the piezoelectric film 1 7 is 
composed of lead titanate, the iridium film is especially 



applied to the bottom electrode 3, thus performing a lead 
titanate film with an extremely favorable crystallinity. 
[01 38] The density of iridium is 22400 (kg/m 3 ), and ex- 
tremely close to the density of platinum (21 370 (kg/m 3 )). 
5 Therefor, when the locus of the normalized Si0 2 thick- 
nesses in which the TE2 mode crosses the TS3 mode 
is found, it approximates to the loci of the solid lines 47 
and 48 in Fig. 32. Therefore, in a case where the bottom 
electrode 3 is composed of iridium, and the top electrode 
10 5 is composed of platinum, the normalized Si0 2 thick- 
ness (g/h) is set to (0.1 47 x R + 2.85) or more, thereby 
resulting in the same effect as Embodiment 2. 
[0139] However, the above-mentioned matter is ap- 
plied similarly to a case where the bottom electrode 3 is 
15 composed of a titanium film formed on the titanium film 
21 and an iridium film formed thereon. 

Embodiment 5 

20 [0140] Though the basic structure of a film bulk acous- 
tic wave device of Embodiment 5 is the same as that 
shown in Figs. 5 and 6, the top electrode 5 is composed 
of aluminum in Embodiment 5 and the bottom electrode 
3 is composed of iridium. 
25 [0141] The aluminum density is 22500 (kg/m 3 ), and 
close to the platinum density: 21370 (kg/m 3 ). Therefor, 
when the locus of the normalized Si0 2 thicknesses in 
which the TE2 mode crosses the TS3 mode is found, it 
approximates to the loci of the solid lines 57 and 58 in 
30 Fig. 32. Therefore, in a case where the bottom electrode 
3 is composed of iridium, and the top electrode 5 is com- 
posed of platinum, the normalized Si0 2 thickness (g/h) 
is set to (0.147 x R + 2.85) or more, thereby resulting 
in the same effect as Embodiment 3. 

35 

Embodiment 6 

[0142] Though the basic structure of afilm bulk acous- 
tic wave device of Embodiment 6 is the same as that 

40 shown in Figs. 5 and 6, the piezoelectric film 1 7 is com- 
posed of lead titan ate-zircon ate (PZT) in Embodiment 6. 
[0143] The characteristics of PZT is similar to those 
of lead titanate, and a film bulk acoustic wave device 
having a piezoelectric film 1 6 composed of lead titanate- 

45 zirconate exhibits the same characteristics as those of 
Figs. 1 2 to 1 8. Hence, when the locus of the normalized 
Si0 2 thicknesses in which the TE2 mode crosses the 
TS3 mode is found, almost the same results as Fig. 27 
may be obtained. Therefore, in a case where the piezo- 

50 electric film 17 is composed of lead titan ate-zircon ate, 
the normalized Si0 2 thickness (g/h) is set to (0.147 x 
R + 2.85) or more, thereby resulting in the same effect 
as Embodiment 2. 

[01 44] In addition, in a where the piezoelectric film 1 7 
55 is composed of lead titanate-zirconate, when the top 
electrode 5 is composed of aluminum, the normalized 
Si0 2 thickness (g/h) is set to (0.034 x R + 3.57) or more, 
thereby resulting in the same effect as Embodiment 2. 
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Embodiment 7 

[0145] Figs. 35 and 36 are views showing a film bulk 
acoustic wave device according to Embodiment 7 of this 
invention. Fig. 35 is a top-side view, and Fig 36 is a cross 
sectional view taken along line Ill-Ill. In the figure, ref- 
erence numeral 17 denotes a piezoelectric film com- 
posed of lead titan ate -zircon ate; 59 denotes a first sili- 
con oxide formed on the silicon nitride 16; and 60 de- 
notes a second silicon film formed on the top electrode 
5. Note that the same reference numerals are denoted 
with the same components as Figs. 1 and 2. 
[0146] This embodiment includes the first silicon ox- 
ide 59 formed on the silicon nitride 16 and the second 
silicon oxide 60 formed on the top electrode 5. In a case 
of such a structure, the thickness resonance occurs be- 
tween the bottom surface of the silicon nitride 16 and 
the top surface of the second silicon film 60. When the 
sum of the thicknesses of the first silicon oxide 59 and 
the second silicon oxide 60 is set to g, the resonant fre- 
quency here may be found by the same calculation 
method as the case described in the aforementioned 
embodiment. That is, since it is assumed that the silicon 
oxide of a single layer is divided into two layers, an en- 
ergy trapping possible film bulk acoustic wave device 
may be performed, e.g., without an operation to add an 
addition to lead titan ate -zircon ate. 
[0147] In addition, in case of such a structure, finally, 
a fine adjustment for the thickness of the second silicon 
oxide 60 may contribute to adjust the errors in thickness 
upon fabrications, and simultaneously, to function effec- 
tively as a protective film, for example, in a case where 
the top electrode 5 is formed by a material with a poor 
corrosion resistance as compared to gold and platinum. 
[0148] Though a case of the piezoelectric film ^com- 
posed of lead titanate or lead titanate-zirconate is de- 
scribed in the above-described embodiment, the same 
effect may be obtained even in a case where it is com- 
posed of lithium tantalate. Further, in a piezoelectric film 
composed of a material having a one-third (0.33) or less 
in the Poisson's ratio and having a thickness extension 
vibration as a main vibration, the same effect may be 
also obtained. 

[0149] In addition, in the aforementioned embodi- 
ment, the top electrode 5 and bottom electrode 3 is com- 
posed of a material such as platinum, iridium, aluminum. 
When it is composed of a conductor having a density of 
10000 (kg/m 3 ) or more, the calculation results are ap- 
proximately close to those of a case composed of plat- 
inum, the normalized Si0 2 thickness (g/h) is set to 
(0.147 x R + 2.85) or more, thereby resulting in the 
same effect as Embodiment 2. On the other hand, when 
it is composed of a conductor having a density of 1 0000 
(kg/m 3 ) or less, the calculation results are approximately 
close to those of a case composed of aluminum, the nor- 
malized Si0 2 thickness (g/h) is set to (0.023 x R + 3.57) 
or more, thereby resulting in the same effect as Embod- 
iment 3. 



[0150] In addition, though the case of a silicon (Si) 
substrate used for a substrate is described in the afore- 
mentioned embodiment, the same effect may be ob- 
tained even in a semiconductor substrate such as gal- 
5 lium arsenide (GaAs) and a dielectric substrate such as 
magnesium oxide (MgO). 

[0151] In addition, though the top electrode 5 is 
formed by separating the input-side electrode 5a from 
the output-side electrode 5b in the aforementioned em- 

10 bodiment, a single case is also possible. 

[0152] Note that the above-described calculation 
method of the dispersion characteristics is described in 
detail in the literature, for example, "Supervised by Mo- 
rio Onoue, The Basics of Solid Oscillation Theory, is- 

15 sued on September, 1982, Ohumu-sha, pp. 189-232". 
[01 53] In addition, for the material constants used for 
the calculations, the lead titanate is referred to the liter- 
ature: "Neue Serie, ed.: Landolt-bornstein, pp.80, 
Springer-Verlag, Berlin, 1981", while the other are re- 

20 ferred to the literatures: B. A. Auld, "Acoustic Fields and 
Waves in Solids", vol. I, pp. 357-382, A Wiley-lnter- 
science Publication, John Wiley & Sons, and National 
Astronomy Observatory, ed. : Science Chronological Ta- 
ble, 1997, pp. Phy/1 9(438), pp. Phy/26(446)-27(447). 

25 As the constant of the materials used actually are not 
always equal to that described in these literatures, an 
appropriate Si0 2 thickness may be determined by a 
conversion based on a ratio between the literature value 
and the constant of actual materials. 

30 [0154] Note that the mass represented as the normal- 
ized Si0 2 thickness may be not necessarily limited by 
silicon oxide if it is a dielectric, and silicon oxide may 
include SiO, not actually not genuine Si0 2 . 



[0155] As described above, the film bulk acoustic 
wave device according to this invention is adapted to 
prevent the breakdown of components on the etching to 
form a via hole, and simultaneously prevent the deteri- 
oration of the characteristics of the components due to 
the inner stress upon formation of the via hole. 
[0156] In addition, the film bulk acoustic wave device 
is adapted to perform the characteristics of reduced 
losses and wider ranges. 

Claims 



35 Industrial Application 



45 



50 1. A film bulk acoustic wave device comprising: 
a substrate; 

a dielectric film including a silicon nitride (SiN) 
formed on said substrate and a silicon oxide 
55 (Si0 2 ) on said silicon nitride; 

a bottom electrode formed on said dielectric 
film; 

a piezoelectric film formed on said bottom elec- 
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trode and which generates a thickness exten- 
sion vibration as a main vibration; and 
a top electrode including a conductor formed 
on said piezoelectric film and having a density 

5 of 1 0000 (kg/m 3 ) or less, 

wherein when the thickness of said piezoelec- 
tric film is set to 2h, the thickness of said die- 
lectric film is set to g, the density of said top 
electrode is set to p1 x 1 000 (kg/m 3 ), the thick- 

10 ness of said top electrode is set to d1 , the den- 

sity of said bottom electrode is set to p2 x 1 000 
(kg/m 3 ), the thickness of said bottom electrode 
is set to d2, and an equivalent density R is set 
to R = (p1d1/h) + (p2d2/h), 

15 the normalized thickness (g/h) of said dielectric 

film determined by the thicknesses of said pie- 
zoelectric film and said dielectric film is {0.023 
x R + 3.5} or more. 

20 6. The film bulk acoustic wave device according to 
claim 4, wherein the dielectric film has a silicon ni- 
tride (SiN) formed on the substrate, and a via hole 
is formed in such amanner that the thickness direc- 
tion of a part of said substrate which is opposite to 

25 a region including a part where the top electrode 
exists is removed from the bottom surface of said 
substrate to a boundary surface with said silicon ni- 
tride. 

30 7. The film bulk acoustic wave device according to 
claim 5, wherein the dielectric film has a silicon ni- 
tride (SiN) formed on the substrate, and a via hole 
is formed in such amanner that the thickness direc- 
tion of a part of said substrate which is opposite to 

35 a region including a part where the top electrode 
exists is removed from the bottom surface of said 
substrate to a boundary surface with said silicon ni- 
tride. 



trode; and 

a top electrode formed on said piezoelectric 
film, 

wherein a via hole is formed in such a manner 
that the thickness direction of a part of said sub- 
strate which is opposite to a region including a 
part where said top electrode exists is removed 
from the bottom surface of said substrate to a 
boundary surface with said silicon nitride. 

2. The film bulk acoustic wave device according to 
claim 1, wherein the silicon oxide is formed sepa- 
rately on the silicon nitride and on the top electrode. 

3. The film bulk acoustic wave device according to 
claim 1, wherein the piezoelectric film generates a 
thickness extension vibration as a main vibration, 
and in order to prevent the thickness of the silicon 
nitride from affecting the vibration characteristics, 
the thickness of the silicon oxide is larger than that 
of said silicon nitride, and 1.5 times or more the 
thickness of said piezoelectric film. 

4. A film bulk acoustic wave device comprising: 

a substrate; 

a dielectric film formed on said substrate; 
a bottom electrode including a conductor 
formed on said dielectric film and having a den- 
sity of 10000 (kg/m 3 ) or more; 
a piezoelectric film formed on said bottom elec- 
trode and which generates a thickness exten- 
sion vibration as a main vibration; and 
a top electrode including a conductor formed 
on said piezoelectric film and having a density 
of 10000 (kg/m 3 ) or more, 
wherein when the thickness of said piezoelec- 
tric film is set to 2h, the thickness of said die- 
lectric film is set to g, the density of said top 
electrode is set to p1 x 1 000 (kg/m 3 ), the thick- 
ness of said top electrode is set to d1 , the den- 
sity of said bottom electrode is set to p2 x 1 000 
(kg/m 3 ), the thickness of said bottom electrode 
is set to d2, and an equivalent density R is set 
to R = (p1d1/h) + (p2d2/h), 
the normalized thickness (g/h) of said dielectric 
film determined by the thicknesses of said pie- 
zoelectric film and said dielectric film is {0.15 x 
R + 2.8} or more. 

5. A film bulk acoustic wave device comprising: 

a substrate; 

a dielectric film formed on said substrate; 
a bottom electrode including a conductor 
formed on said dielectric film and having a den- 
sity of 10000 (kg/m 3 ) or more; 
a piezoelectric film formed on said bottom elec- 



40 8. The film bulk acoustic wave device according to 
claim 4, wherein the silicon oxide is formed sepa- 
rately on the substrate and on the top electrode. 

9. The film bulk acoustic wave device according to 
45 claim 5, wherein the silicon oxide is formed sepa- 
rately on the substrate and on the top electrode. 

10. The film bulk acoustic wave device according to 
claim 1, wherein the bottom electrode is mainly 

50 composed of either platinum (Pt) or iridium (Ir). 

11. The film bulk acoustic wave device according to 
claim 4, wherein the bottom electrode is mainly 
composed of either platinum (Pt) or iridium (Ir). 

55 

12. The film bulk acoustic wave device according to 
claim 5, wherein the bottom electrode is mainly 
composed of either platinum (Pt) or iridium (Ir). 
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13. The film bulk acoustic wave device according to 
claim 3, wherein the piezoelectric film has as a main 
component either one of lead titanate (PbTi0 3 ), 
lead titan ate-zirconate (PZT), lithium tantalate 
(LiTa0 3 ), and a material having a Poisson's ratio 5 
less than 0.33. 

14. The film bulk acoustic wave device according to 
claim 4, wherein the piezoelectric film has as a main 
component either one of lead titanate (PbTi0 3 ), 10 
lead titan ate-zirconate (PZT), lithium tantalate 
(LiTa0 3 ), and a material having a Poisson's ratio 
less than 0.33. 

15. The film bulk acoustic wave device according to 15 
claim 5, wherein the piezoelectric film has as a main 
component either one of lead titanate (PbTi0 3 ), 
lead titan ate-zirconate (PZT), lithium tantalate 
(LiTaO s ), and a material having a Poisson's ratio 
less than 0.33. 20 
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